Surgical treatment of intrameduallary spinal cord metastases (ISCM) has become increasingly effective in recent years. The advent of new imaging techniques combined with an enhanced understanding of the natural history of these tumors has improved the effectiveness of the available treatment options. The authors present three new cases of ISCM successfully treated with surgery. A review of 129 cases found in the literature is also discussed. Characteristic symptomology and presentation are reviewed with an eye toward improving diagnostic methodology. The natural history of ISCM is divided into three phases. Surgical intervention should be used early in phase 2.
Postoperatively the patient recovered slowly from the paraparesis so that she was able to ambulate without assistance; however, her urinary retention continued. She underwent chemotherapy with cyclophosphamide, methotrexate, and 5-fluorouracil and additional radiotherapy. She did well for 11 months when she again developed progressive weakness in the lower extremities. An MR image revealed a local recurrence at T11-12 ( Fig. 2) . The patient refused further surgical treatment, developed dense hemiparesis, becoming nonambulatory at 17 months postoperatively, and died 2 months later from widespread metastatic disease. 
Case 2
This 54-year-old man with a 3-month history of numbness and a 1-month history of progressive ataxia and weakness in the lower extremities was admitted to the neurology service; his symptoms progressed to include urinary retention and dense hemiparesis over a 4-day hospital course. An MR image demonstrated a small solid tumor at T11-12 (Fig. 3) . He was given high-dose steroids, and a metastatic workup revealed a suspicious lesion in the right lung. Bronchoscopy and examination of a biopsy specimen demonstrated a bronchial carcinoma of large cell origin. The prognosis was quite poor, but the possibility for independent ambulation led us to offer surgery. A total T11-12 laminectomy was performed, and subtotal resection of the tumor was achieved secondary to the infiltrative/nonencapsulated nature of this tumor. Histological examination revealed a large cell carcinoma of bronchial origin. Postoperatively the patient was able to ambulate without assistance until his death 6 months later from complications of his primary tumor. An autopsy demonstrated no significant increase in the size of the intramedullary spinal cord tumor. 
Case 3
This 45-year-old man presented to the neurology service with a 6-month history of dysesthesia, tingling bilaterally in the lower extremities, and a 3-week history of mild paraparesis. During a 6-day period he developed bowel and bladder incontinence and inability to ambulate. An MR image of the spine revealed an expansive lesion in the conus medullaris (Fig. 4) . The patient underwent a total T12-L2 laminectomy and the soft tumor mass was resected; a gross subtotal resection was achieved. Histological examination demonstrated oat-cell carcinoma. The primary tumor was then discovered in the patient's lung. Postoperatively the patient did quite well, regaining bowel and bladder function within the 1st week and then was able to walk independently within 4 days. The patient died 8 months postoperatively from complications of the primary tumor. 
DISCUSSION
Buchholz first described metastases in the spinal cord parenchyma in 1897. Authors of autopsy studies estimate the frequency of ISCM to be as high as 2.1% of all cases of systemic cancer. [2, 4, 6, 12] After surveying the literature, we found 129 cases in which intramedullary tumors were reported as metastases. Most were treated with radiotherapy or chemotherapy, whereas eight were treated with surgery, including our three current cases. [1, The first controversial issue regarding the natural history of these metastases is the mechanism of transportation from primary site to spinal cord. Several parallel routes have been postulated, including hematogenous dissemination, through either the arterial supply to the spinal cord or retrograde spread from the venous system, and direct extension along nerve roots or perineural sheaths. [12, 15] Weissman and Grossman [24] have hypothesized that spreading may occur through the central canal, which may be dilated by tumor-induced hydrocephalus. Spread via the CSF pathways and direct extension certainly occur, but hematogenous routes probably account for most ISCM. [9, 12] Edelson, et al., [6] have posited that the spinal cord is more susceptible to metastatic invasion than the brain, based on the incidence of patients with ISCM compared with those with brain metastases. Costigan and Winkelman [4] have countered that these incidence rates fail to take multiple metastases into account and therefore may be misleading. Because the lung is the site of a significant number of primary cancers, venous drainage patterns may also play a role in the relatively large numbers of patients presenting with ISCM. It has been reported that 40 to 60% of ISCM are secondary to lung cancer, followed by breast cancer with a frequency of approximately 14%. [2, 6, 9, 12] All surgical reports of ISCM come from lung or breast primary cancers, except one case of mixed follicular papillary thyroid metastasis. [5, 7, 21, 25] Diagnosis of an intramedullary tumor without benefit of an MR image can be difficult. The most common presenting symptoms were pain and weakness, followed by paresthesias and bowel and bladder dysfunction. [6, 9, 18, 20, 25] The distribution of the weakness was asymmetric in most patients with ISCM. [9, 18, 20, 25] Other common findings included a diminished sensory level, pathological reflexes, and Brown-Séquard's syndrome. [6, 9, 11, 18, 20, 25] Many researchers have asserted that root pain is characteristic of extramedullary and not intramedullary tumors; [6, 20, 23] however, exceptions certainly exist. The patient in Case 1 is notable in this regard. Radicular pain was seen as a presenting symptom in 25 to 33% of patients. [6, 9, 12, 23] A number of "noncompressive" myelopathies occur in cancer patients that have similar presentations. The differential diagnosis should include radiation myelopathy, paraneoplastic necrotizing myelopathy, and meningeal carcinomatosis. [12, 25] Factors useful in making a diagnosis include pain on presentation, time course, and CSF cytology. Radiation myelopathy and necrotizing myelopathy typically do not present with pain. [25] The progression of neurological deficits is extremely rapid with ISCM, whereas it is more insidious for these other conditions. Cerebrospinal fluid findings in ISCM are usually negative or show only an increase in protein and a mild pleocytosis. [4, 6, 9, 12, 25] If positive, meningeal involvement may have occurred. Obviously, all of these factors are important, but MR imaging should still be performed.
Advances in imaging have simplified the diagnosis of ISCM more than any other factor. Plain roentgenography has only been useful in diagnosing neoplasms that deform bone through intrusion or slow pressure. Intramedullary spinal cord metastases, as fast-growing neoplasms, rarely deform surrounding bone and are difficult to see on plain x-ray films. Prior to the widespread availability of MR imaging, myelography was the imaging test of choice for ISCM. When positive, myelography usually shows a symmetric fusiform expansion of the cord over multiple levels or a focal, well-demarcated mass. [6, 9, 16, 18, 20] The limitations of myelography are well recognized, with a documented false-negative rate between 40 and 50%. [3, 6, 9, 12, 18, 24] Myelographic features atypical of ISCM, such as an asymmetric bulge, occur in up to 30% of patients with spinal cord lesions. [3, 6, 18] Postmyelography computerized tomography scans delineate multiple discrete masses better than myelography alone and have also proved useful for obtaining percutaneous biopsy samples. [18] Properly used, MR imaging is the most sensitive and specific test for the detection of ISCM [3, 8, 13, 18, 23] and is the test of choice. Widening of the cord is seen best on sagittal T 1 -weighted images, [13, 18] and T 2 -weighted images of ISCM show high-intensity signal. [13, 18] Kamholtz and Sze [13] have asserted that a normal T 2 -weighted image can generally exclude intramedullary metastases. In addition, the use of gadolinium-enhanced MR images has further improved sensitivity. [8, 13] Gadolinium contrast studies help to distinguish metastatic tumor sites from surrounding edema, which can help localize sites for surgical planning. [13] Magnetic resonance imaging is also effective at helping to discern the response to therapy and the presence of multiple metastatic lesions in the neuraxis. [18] Sudden onset of neurological deficit and rapid progression are the most consistent characteristics of ISCM. The average time interval from onset to the development of full neurological signs is less than 1 month. [7, 12] Retrospectively, most patients recalled earlier, less alarming symptoms that were ignored. In our cases there is evidence of slowly worsening symptoms leading up to a rapid decline in function, which caused the patients to seek treatment. The progression can be conceptualized as occurring in three phases. The first is the time from the first appearance of symptoms, usually ignored or undiagnosed, until the appearance of serious spinal cord symptoms such as paraparesis, incontinence, and urinary retention; this phase usually lasts less than 1 month; [6, 7, 12] the second begins at presentation and lasts until complete paraplegia and lasts less than 1 month in 75% of cases; [9, 12] the third is the period between paraplegia and death.
Three treatment modalities are available for intramedullary metastases: radiation therapy, chemotherapy, and surgery. The standard therapy is radiation treatment, with or without steroids. [3, 6, 9, 11, 12, 23] There are some reports of long-lasting remission with radiation, but these are limited to patients in whom a very early diagnosis was made or who had radiosensitive tumors such as oat-cell carcinoma or lymphoma. [3, 9, 11, 16, 23, 25] Other patients had improvement of their neurological symptoms without an increase in survival time. Eighty percent of patients were paraplegic or dead within 6 months after standard radiation treatment. [3, 4, 6, 9, 12] Treatment with steroids offered no additional survival benefit when combined with radiation therapy. [9] Studies on the efficacy of chemotherapy are limited but show no effect on survival.
[11] Holoye, et al., [11] have described tumor ablation with cyclophosphamide, methotrexate, and lomustine, but neurological deficits and survival remained unchanged.
Weissman and Grossman [24] have recommended treatment with both intrathecal chemotherapy and radiotherapy in patients with ISCM or meningeal carcinomatosis from oat cell.
Surgery has become an option in an increasing number of cases because of increased rapidity and accuracy of diagnostic imaging and advances in microsurgical techniques. [5, 7] Surgical removal is limited by the fact that these masses tend to present after disease is widespread. The opportunity to improve neurological status and survival in patients with ISCM through surgery exists. [9, 23] Table 1 summarizes the surgical methods and outcomes of the three new cases reported in this study as well as five cases from the literature.
Several factors are important when considering surgical treatment. The patient's age and physical condition affect candidacy for any surgical treatment. The location and severity of the primary neoplasm, as well as other metastases, weigh heavily in evaluating the prognosis, as well as anesthetic and surgical risks. The physician should also consider the clinical "phase" of the patient's disease. Phase 1 diagnoses are rare, and surgical treatment of asymptomatic cord lesions is of uncertain benefit, considering the risks. Phase 2 can be extremely short and therefore surgical intervention must be considered and implemented swiftly if the patient is already suffering from serious neurological deficits. No one has yet addressed surgical intervention during phase 3, but it is assumed to be of dubious benefit.
The characteristics of the tumor itself should also be considered. Tumors that are known to be highly radioresistant should be considered for surgical intervention. Most ISCM are well encapsulated and some are cystic. Cystic tumors often lend themselves to surgical extirpation because the cystic component often reaches the surface of the cord and can therefore be more easily removed without disruption to normal structures.
Although the number of cases is small, analysis of the data from the surgical literature suggests the efficacy of surgery in the treatment of some patients with ISCM. [5, 7, 21, 25] Only one patient treated with surgery in this series died within 6 months after surgery, and the neurological status of all eight surgical patients improved postoperatively (Table 1 ). In contrast, the 6-month survival rates of patients treated with radiation and steroid therapies was 20%. [3, 4, 6, 9, 12] Intramedullary spinal cord metastases can be removed safely in many cases. If a tumor is radioresistant and the patient undergoes operation early in phase 2, our results and those in the literature indicate surgery is the treatment of choice. The role for surgery in phases 1 and 3 is unknown at this time. As screening MR images gain favor in evaluation of metastases, an opportunity may arise to study phase 1 interventions prospectively.
